On 2017 March 11, the DLT40 Transient Discovery Survey discovered SN 2017cbv in NGC5643, a Type 2 Seyfert Galaxy in the Lupus Constellation. SN 2017cbv went on to become a bright Type Ia supernova, with a V max of 11.51 ± 0.05 mag. We present early time optical and infrared photometry of SN 2017cbv covering the rise and fall of over 68 days. We find that SN 2017cbv has a broad light curve ∆m 15 (B) = 0.88 ± 0.07, a B-band maximum at 2457840.97 ± 0.43, a negligible host galaxy reddening where E(B − V ) host ≈ 0, and a distance modulus of 30.49 ± 0.32 to the SN, corresponding to a distance of 12.58 +1.98 −1.71 Mpc. We also present the results of two different numerical models we used for analysis in this paper: SALT2, an empirical model for Type Ia supernova optical light curves that accounts for variability components; and SNooPy, the CSP-II light-curve model that covers both optical and near-infrared wavelengths and is used for distance estimates.
INTRODUCTION
Type Ia supernovae (SNe) are hypothesized to be the consequence of a thermonuclear explosion of a carbonoxygen white dwarf (WD) (Nomoto 1982; Nomoto et al. 1984; Woosley & Weaver 1986; Hillebrandt & Niemeyer 2000; Podsiadlowski et al. 2008) or a merger of a pair of white dwarfs in a close binary system (Webbink 1984; Iben & Tutukov 1984) . In the former model, the WD accretes material from a non-degenerate secondary companion till it reaches close to the Chandrashekhar mass limit, after which carbon ignites, resulting in the explosion. Different models of this nature can be differentiated on the basis of the secondary companion. The white dwarf can accrete in the following ways: one, from a wind, the "symbiotic channel" (Munari & Renzini 1992) ; two, by mass transfer from a helium star, also known as the "helium star channel" (Nomoto 1982; Liu et al. 2010; Yoon & Langer 2003) or three, by the Rochelobe Overflow, the "RLOF channel" (van den Heuvel et al. 1992) . The merger of a double-degenerate pair is caused by either the shrinkage of their orbit due to gravitational radiation (Iben & Tutukov 1984; Webbink 1984) or perturbations from additional celestial bodies close to the binary system (Shappee & Thompson 2013; Pejcha, et al. 2013; Antognini, et al. 2014) .
SNe Ia are important objects in astronomy and cosmology as they serve as "standard candles" (Riess et al. 1998; Perlmutter & Riess 1999) , which help us calculate vast astronomical distances. SNe Ia produce regular patterns in their light curves over the course of a few months, and these patterns have allowed SNe Ia researchers to determine the peak luminosity, host galaxy extinction, and correspondingly, the distances to these objects. The peak luminosity of SNe Ia can be determined by various methods, most notably through variations of the Philips relation (Hamuy et al. 1996; Phillips et al. 1999; Germany et al. 2004; Prieto et al. 2006 ) and the multicolor light-curve shape (MLCS) method (Riess et al. 1996 (Riess et al. , 1998 Jha et al. 2007 ).
The color curves of SNe Ia are important in determining host galaxy extinction. While SNe Ia differ in the shape of their light curves ∆m 15 (B) = 0.75 to 1.94 (Krisciunas et al. 2003) , the color curves of all SNe Ia are thought to evolve in the same way 35 days after T (B max ), an epoch known as the Lira law regime (Lira 1995) . The use of B − V color curves is helpful in determining extinction as the color excess E(B − V ) of the SNe Ia can be derived with the data of Galactic dust reddening from the dust maps from Schlegel et al. (1998) and Schlafly & Finkbeiner (2011) . However, extinction calculations with optical colors where A V = R V × E(B − V ) translate to huge uncertainties in A V if B − V has a substantial uncertainty. Extinction calculations would improve if both optical and nearinfrared photometry are used (Krisciunas et al. 2007) .
The use of both optical and near-infrared (near-IR) photometry of SNe Ia has shown to be crucial in determining extinction in the line of sight of a Type Ia supernova (Wood-Vasey et al. 2008; Mandel et al. 2009; Elias et al. 1985) . Particularly, the V − K colors is especially useful for determining extinction as it is the most uniform of all color curves of SNe Ia (Elias et al. 1985) .
With data on both the peak luminosity and extinction of a Type Ia supernova, we can derive distance modulus. The distance derived using the Type Ia supernova can also be used to cross-check with other cosmological standard candles in the galaxy, such as the TRGB method and Cepheid variables, which allows us to obtain a precise distance to the galaxy. While there are a lot of data on high-z SNe (z > 0.01), data on low-z SNe remain scarce, which introduces substantial errors to the precision of the Hubble constant in the local SNe (Jang et al. 2017 ). Data of low-z SNe's distances are critical in constraining the Hubble flow, and hence important to constrain the rate of expansion of the universe.
In this paper, we present early time optical and infrared photometry of the low-z SN 2017cbv. SN 2017cbv (SN) was discovered by S. SN 2013aa, discovered in 2013 (Sternberg et al. 2014 . Spectroscopic data of SN 2017cbv by Hosseinzadeh et al.
2 from the Las Cumbres Observatory determined SN 2017cbv to be a Type Ia supernova two weeks before maximum light.
OBSERVATIONS
We used the Yale SMARTS 1.3m Telescope at the Cerro Tololo Inter-American Observatory (CTIO) for optical and near-infrared (near-IR) observation in BV RIY JHK bandpasses. The images were taken with the ANDICAM instrument, an imager permanently mounted on the 1.3m telescope that takes simultaneous optical and infrared data. The ANDICAM instrument uses the standard Johnson BV filters, Kron-Cousins R 1 https://wis-tns.weizmann.ac.il/object/2017cbv/discoverycert 2 https://wis-tns.weizmann.ac.il/object/2017cbv/classificationcert and I filters, standard CIT/CTIO JHK filters, and a 1.05µm Y filter. The optical field of view is 6.3' x 6.3', while the IR field of view is 2.34' x 2.34'. With the CCD readout in 2 x 2 binning mode, the ANDICAM instrument gives a plate scale on the 1.3m telescope of 0.369" pixel -1 for optical imaging and 0.274" pixel -1 for near-IR imaging. Further information can be found on the ANDICAM instrument specification website 3 . We started taking optical images of the SN on 2017 March 14, and started taking infrared images on 2017 March 18. Our observations ended on 2017 June 9, for a total of 68 nights of data. Figure 1 is a V -band optical image in which we identify the location of the SN and the local field standard, with Table 1 presenting the optical photometric sequence of the local field standard. Figure  2 is a J-band near-IR image which shows the location of the SN and the field standards. The data on the local field standards for the near-IR can be found on Table 2 .
We conducted the photometric reduction of the optical data using the Photutils's aperture photometry tool (Bradley et al. 2016 ), a part of the Python-based package Astropy (Astropy Collaboration et al. 2013) . The use of aperture photometry over point spread function (PSF) fitting is justified on the account that the SN is a low-z supernova and that the SN appears at a substantial angular distance (2.57') from its host galaxy. This angular separation from the host galaxy reduces the chance that SN would be contaminated by the other sources of photons in the aperture radii.
We estimated the magnitudes for a set of reference stars in the field of view of the SN using the mean value of five nights of observations. Our photometry for individual nights was computed using the grid of reference stars in the field, and these differentiated magnitudes were converted to BV RI magnitudes using zero points derived from observations of photometric standards, described in Section 2.1.
While there appears to be multiple bright stars in the field of view for the optical images, we have two problems with using multiple reference stars. One, our field of view is not consistent as we changed our coordinates throughout our observation. That severely limits our available reference stars to a small field of view centered on the galaxy. Two, depending on the exposure for a particular night, the reference stars available have a signal-to-noise ratio that is 5 to 8 times lower than the SN and Star 1, which reduces the quality of our light curves and increases errors in our results. For these reasons, we did not use more reference stars for our optical photometry than the ones labeled.
The near-IR data are reduced using the astronomy software Cyanogen Imaging MaxIm DL's photometric tool, which has the in-built capability to identify, track, and photometer objects across images using aperture photometry. We used Star 2 ( Figure 2 ) for Y JH filter magnitudes and Star 1 (Figure 2 ) for K filter magnitudes for our differential photometry. We present the BV RIY JHK light curves in Figure 3 .
We performed a Lomb-Scargle periodicity analysis on both reference stars with 152 and 149 photometric Vband data points for Star 1 and Star 2 respectively over 1798 days from the Catalina Sky Survey (Drake, et al. 2009 ). Both stars have significant false alarm probabilities that makes them highly unlikely to be variables. We also conducted a χ 2 fit test with a non-varying model for both reference stars and found that the χ 2 fit was consistent with a model of non-variability. Both reference stars have been extensively observed by the Catalina Sky Survey and were not determined to be variables (Drake, et al. 2017) . The combination of our tests and the lack of variability found for both of our reference stars from Drake, et al. (2017) gives us good confidence that the two reference stars are not variables.
Both random errors from our sky and background subtraction and systematic errors in zero points were computed in our systematic error budget.
Zero Points
We carried out standard calibrations for the optical zero points using the Landolt standards, namely: Ru149, Ru149A, Ru194B, and Ru194C (Landolt 1992) . Optical observations of the Landolt standard field were made with the same telescope and camera at CTIO over 5 nights between 2017 March 24 and 2017 April 21. The calibrations involved analyzing the intensities of the 4 standards stars each night alongside the airmass for calculating extinction.
From the dataset of each standard star, we arrived at an average zero point and its standard deviation. The zero points of the BV RI bands were calibrated with extinction and color term corrections, given in Equation (1). In Table 3 , we present the extinction and color term coefficients we used for our calibrations and the error of the data involved.
where ZP i is the zero point of a filter i, m insti is the instrumental magnitude for a given filter i, M is the literature magnitude, E i is the extinction coefficient for a given filter i, C i (m insta − m inst b ) is the color term coefficient for a given filter i. We obtained the extinction 4 and color term 5 coefficients from the CTIO's calibration pages. The final zero points and the error used are the mean values of the zero points and standard deviations calculated from the independent observations of the different standard stars.
The zero points of the Y JHK bands were calibrated using the Persson standard system (Persson et al. 1998) with the P9144 field. The calibration involved independent observations of reference stars taken during 7 nights between 2017 March 21 and 2017 June 9. The Y magnitudes for the P9144 field in the Persson standard system are obtained from Krisciunas et al. (2017) . The procedure for data analysis and aperture choice of the near-IR 
zero points were the same as those of the optical zero points.
In Table 4 , we present the zero points of the BV RIY JHK bands. The complete optical and near-IR photometric cadence is listed in Table 5 .
RESULTS
To analyze our supernova data, we used two different numerical models to produce fits to our lightcurves: SALT2 (using SNcosmo, Guy et al. 2007 ) and SNooPy (Burns et al. 2011) . Each model has its own fit parameters and each model gives separate insights to the supernova and the host galaxy. We fit our optical light curves using SALT2 (Guy et al. 2007 ). Using SNcosmo (Barbary et al. 2016) we extracted values for the different fit parameters (x 0 ,x 1 and c) in the SALT2 model, where the flux of the source is given as
SALT2 Modelling
where p is the rest-frame time since the date of maximum luminosity in B-band (the phase), and λ the wavelength in the rest-frame of the SN. M 0 (p, λ) is the average spectral sequence whereas M k (p, λ), for k > 0, are additional components that describe the variability of SNe Ia light curve. CL(λ) represents the average color correction law. In the models from SALT2, the optical depth is expressed using a color offset with respect to the average at the date of maximum luminosity in B-band, c = (B − V ) max − (B − V ). This parametrization models the part of the color variation that is independent of phase, whereas the remaining color variation with phase is accounted for by the linear components. In Equation (2), x 0 is the normalization of the spectral energy distribution sequence, and x k for k > 0, are the intrinsic parameters of the SN (such as a stretch factor). To summarize, while (M k ) and CL are properties of the global model, (x k ) and c are parameters of a given supernova and hence differ from one SN to another. To perform accurate fits to observational data from the CTIO telescope, we registered the CTIO filters 6 into the SNcosmo system, which uses SDSS filters for its default bandpass. After registering the CTIO BV RI filter band passes in the SNcosmo system, we were able to input our observed photometric magnitudes into the program to enable the modelling of the flux for the SN.
Out of the 5 free parameters (z, t 0 , x 0 , x 1 , c) for the SNcosmo program we set the redshift to z ≈ 0.004 for our SN based on previous observations in the literature (Koribalski et al. 2004 ). The fit is represented in Figure  4 . The light curve models derived the time for maximum brightness where t 0 = 2457840.782 ± 0.017, corresponding to 2017 March 28, 06:46:04.8 UT.
SNooPy Modelling
We used the CSPII light-curve fitting code SuperNovae in Object Oriented Python (SNooPy, Burns et al. 2011) to fit the light curve of SN 2017cbv in the optical and infrared. SNooPy has the prime benefit of modelling SNe Ia in a wide range of wavelengths, as it simultaneously fits SNe Ia light curves in both the optical and near-IR. SNooPy also has a systematics function, where it calculates the date of B-band peak T max (B), color excess of host galaxy E(B − V ) host , the change of B-band magnitude from maximum to 15 days after maximum ∆m 15 (B), and the distance modulus.
The model that we used in SNooPy is the EBV model . The light curve model is a variation of the model given by Prieto et al. (2006) :
where m X is the observed magnitude in band X, t max is the time of B maximum, ∆m 15 is the decline rate pa-6 http://www.astronomy.ohio-state.edu/ANDICAM/detectors.html rameter (Phillips 1993) , M Y is the absolute magnitude in filter Y in the rest-frame of supernova, E(B − V ) gal and E(B − V ) host are reddening due to galactic foreground and host galaxy, respectively, R X and R Y are the total-to-selective absorptions for filters X and Y , respectively, K XY is the cross-band K-correction from rest-frame X to observed filter Y . SNooPy uses the Schlegel maps for the handling of galactic extinction (Burns et al. 2011) .
For the fit, we registered the CTIO BV RJHK filters to SNooPy which uses CSPII filters as its default bandpass. As there was no transmission data for ANDICAM Y bandpass, we used the CSPII Y filter for the fit for our Y bandpass. The resulting fit with SNooPy presented in Figure 5 .
With CTIO's filter transmission data and our BV R Y JHK light curves, SNooPy's systematics function yields the following results. 
Optical Light Curves
A typical Type Ia supernova has a B-band decline rate ∆m 15 (B) = 1.1 mag (Phillips et al. 1999) , and this parameter varies roughly from 0.75 to 1.94 (Krisciunas et al. 2003) . Compared to the ∆m 15 (B) variation, SN 2017cbv has a broad decline of ∆m 15 (B) = 0.877 ± 0.070 mag (including systematic model error) according to the SNooPy model.
As expected of optical light curves of SNe Ia, the Bband decline rate of the SN is the most rapid, followed by V -band, R-band, and I-band respectively. We also see the expected secondary bump in the I optical band and a shoulder in the R band at JD ≈ 2457869.70.
The relatively faster B-band decline rate for SNe Ia is caused by the increasing absorption by Fe ii and Co ii lines as the ejecta cools, which blocks transmissivity of bluer wavelength bands and simultaneously improve transparency at a longer wavelength post maximum light of SNe Ia (Kasen 2006).
Near-Infrared Light Curves
Our near-IR Y JHK light curves shows the expected secondary maximum for near-IR wavelengths. The secondary maximum is noteworthy for the Y and H bands, where the secondary peaks are brighter than the pri- mary peaks, a phenomenon not uncommon in SNe Ia's near-IR light curves (Phillips et al. 2013) .
The mechanics of the secondary maximum in the near-IR is similar to that of the I and R bump in Kasen's models (Kasen 2006) , where the ejecta cools and becomes transparent in the near-IR, allowing photons in the near-IR wavelengths to escape the ejecta. Future work can shed light on the astrophysics of the secondary bump by comparing the shape of the SN's high cadence light curves with other SNe Ia.
Reddening and Extinction
From 30 to 90 days after V -band maximum, the color evolution for unreddened B − V colors of SNe Ia is thought to be uniform (Lira 1995) in what is called the Lira law regime. The spectra of the SN during Lira law regime is uniform throughout the late epoch as the Fe-Ni-Co core dominates the spectrum that is rapidly evolving into a supernebula phase (Kasen 2006) . Knowing the intrinsic B − V colors of a Type Ia supernova allows us to calculate the extinction of the SN, in the form of the ratio of total-to-selective dust absorption, R V . Figure 6 shows the B−V color curve of SN 2017cbv.
As SNe Ia have varying B − V colors throughout the evolution of their light curves, there are several views as to which part of the B − V curve provides us with the most meaningful B − V value to use for calculating color excess. Jha et al. (2007) , through an analysis of a large sample of SNe Ia, found that the intrinsic colors of SNe Ia are identical and well-described by a Gaussian distribution at 35 days post B-band maximum. We take Jha's intrinsic B −V of 1.054 ± 0.049 mag at t 35 (Jha et al. 2007 ). Since our observed B−V at t 35 is 1.164 ± 0.08 mag, the color excess E(B −V ) of the SN at t 35 is 0.11 ± 0.129. With the Galactic reddening of 0.145 ± 0.001 in the coordinates of the SN (Schlafly & Finkbeiner 2011) , the host galaxy reddening is negligible. The findings are consistent with SNooPy's systematics function, where the function also derived zero host galaxy reddening using the Schlegel maps. Since extinction is negligible (A V ≈ 0), it is not possible to determine the total-toselective ratio R V of the host galaxy NGC5643.
Distance
SNooPy's systematics function provides a distance modulus to the SN using the calibrated absolute magnitudes of the SN using Prieto et al. 
Mpc
-1 (Prieto et al. 2006) . The averaged distance modulus (m − M ) BVRI of the SN based on SNooPy's systematics function is 30.499 ± 0.008 with a systematic model error of ± 0.309, corresponding to a distance of 12.583 +1.977 −1.709 Mpc. The distance modulus is in agreement with the Galactocentric GSR distance of (m − M ) = 30.83 ± 0.15 and the average redshiftindependent distance (m − M ) = 30.25 ± 0.44 to the host galaxy NGC5643. The information on the distances is obtained from the NASA/IPACExtragalactic Database. The redshift-independent distance and the Galactocentric GSR distance for NGC5643 disagree with each other, but interestingly, our results fall within the range of both distances.
CONCLUSION
We have presented optical and near-IR photometry of SN 2017cbv. We found that the SN is a broad decliner with a ∆m 15 (B) = 0.877 ± 0.070 mag. The SN also exhibit the typical SNe Ia light curves, with the rapid decline of B and V bands, and the slight secondary bump in the R and I in the optical light curves. We also observe the secondary maximums for the Y and H bands that are brighter than their primary maximums, and the characteristic secondary bump in the J and K bands. From the ∆m 15 , we estimated M V (Prieto et al. 2006; Phillips 1993 ) and calculated M V = −19.380 ± 0.027 for the SN. From SALT2, we derived the time of maximum brightness corresponded to be t 0 (B) = 2457840.782 ± 0.017, which is in agreement with SNooPy's figure of T max (B) = 2457840.965 ± 0.088 ± 0.340.
With the Schlegel and Schlafly maps, we also find that SN 2017cbv was unreddenned by host galaxy dust, where E(B − V ) host ≈ 0. Since host galaxy extinction is negligible, the total-to-selective ratio R V cannot be determined. We also derived a distance modulus of the object where (m−M ) = 30.499±0.008±0.309, corresponding to a distance of 12.583 +1.977 −1.709 Mpc. The distance of the SN is consistent with both redshift-dependent and redshift-independent derivations of the distance to its host galaxy.
Considering the proximity of the SN, our distance determination to the SN has important implications for cosmologists working on the precision of the Hubble constant. Notably, our distance determination could assist the Carnegie-Chicago Hubble Program (Beaton et al. 2016) , which relies on RR Lyrae zero-point, the TRGB method, and local SNe Ia that is not in the Hubble flow where z < 0.01. A comparison of the SN's B − V color curves with CSPII photometric data of ten other low-z SNe Ia in Figure 6 shows that the SN conforms to the usual color evolution of other SNe Ia, which makes it ideal for further studies. We like to thank Mark Phillips for reading through and providing critical comments for the draft of our paper and Rohan Naidu for his help in developing new Python routines for analysis of the optical photometry of this project. We also like to thank Rachael Beaton and Ben Shappee for discussions on the supernova and Chris Burns for his help with configuring SNooPy for our supernova modelling.
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